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1.8 Introduction

The SAI/NORDA sigma coordinate ocean forecasting com-
puter code (sigma code) is a complex tool for predicting
ocean temperature, salinity, density, sound speed, and the
three components of current velocity as functions of
location and depth. The non-uniform sigma vertical repre-
sentation is used to simplify the treatment of the severe
topography encountered in the ocean and to concentrate
computation levels near the surface. A stable, temporally
implicit finite-difference representation of the model
differential equations allows the use of large time steps.

The basic code has been developed under past
contracts (see references). The testing of the model,
however, has been limited by the simple no-flux lateral
boundary conditions installed in the model during its
development.

This report will discuss the development and partial
implementation of open boundary conditions into the model.

Also presented are the results of a series of smaller
tasks which have been undertaken to increase the code's
usefulness. They include new mechanisms for data
initialization, new output options, and the conversion of
the code to the VAX super minicomputer.

Finally, initial results will be presented for a
study of ocean behavior in the semi-closed basin of the

Eastern Mediterranean.
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2.0 Open Boundary Conditions

The original form of the code used a very simple
lateral boundary condition; no flux was allowed. This
r.gid wall approximation, while useful for testing, is not
valid for any ocean region of interest. All ocean areas
have significant inflow and outflow.

Two approaches were taken for providing open
boundaries. The first is a simple condition, which can be
of use in regions where the flow in and out is of limited
spatial extent. Two examples are the Gulf of Mexico and
the Mediterranean. This scheme will be discussed in
section 2.1.

A more realistic approach requires full information
about temperature, salinity, and velocities at each point
of the simulation region boundary. To provide such
information, a nested run approach was undertaken. 1In
this scheme, a coarse run is performed over a large
region. This run stores initial and boundary data, which
is used by a second run whose simulation region is nested
within the region of the large run. Because of the very
complicated spatial representation used within the Sigma
Code, this second approach requires very complex coding.
The partial implementation of this second approach will

be described in section 2.




..................

2.1 Plux Specified Boundaries

In this approach, a single flux is specified for each
of the four edges, of the system. A function of lateral
area is used to determine how much of the total flux
will be deposited at each spatial location. For example,
if the west edge of a simulation region is all land,
except for a narrow strait, virtually all the flux will
occur at the strait. This follows from the fact that the
strait contains all the lateral area for that edge of the
system (see figure 1l). It should be remembered that in
the sigma code there are a full set of computational
levels, even over land areas. This scheme ensures that

over such land areas, no flux will be allocated.

The flux at each lateral point is given by
up = A*£(t)*U(ZK, zp, DINFL, DINFLS)

where A is determined below, f(t)=1 -exp(-ISTP/38) with
ISTP the time step number, and U is the functional
dependence of the vertical profile. We define

U = VW

| v | +W ’ where
W = -E.b.;z._

DBOTBL and
v DINFLS-2

(DINFLS+Z) (1+ Z/DINFL) .
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DINFL, DBOTBL, and DINFLS are given as input parameters, z
is the depth, and zp is the bottom depth. DBOTBL, through
W, controls a function which linearly drops from z,/DBOTBL
at the surface, to # at the bottom.

The function V determines the actual shape of the
vertical profile. DINFL sets the approximate depth of the
inflow. Since it is sometimes desirable to have both
inflow and outflow occuring at the same location, V
changes sign at depth DINFLS. By setting DINFLS very
large (l1.E10), no sign change occurs, and V is always
positive., When DINFLS is #., the sign change occurs at
the surface, and V is always negative.

The constant A is adjusted according to
FLUXIN = -AIUa, .

so0 that the total flux at each edge totals up to the input
parameter FLUXIN. U is as defined above, oy is a geometry
factor which depends on the edge being specified, and the
sum runs over all points on the edge.

There are two modes of operation for this boundary
condition. The first is unidirectional flow. The user
sets DINFLS large (>1.E18), and sets DBOTBL, DINFL, and
FLUXIN for the desired flow.

The second mode is bidirectional flow. 1In this case,
the user can set the ratio of inflow to outflow, DINFLR.

The code, by an iterative scheme, adjusts one of the




other variables to obtain the correct ratio. If DINFLR>@,
DINFLS is adjusted. DINPFLR<@ is a way to adjust DINFL
instead. For best results, a good guess for DINFL and
DINFLS should be made. By running the code with NSTEP=0,
the final value of DINFLR can be compared to that
requested.

The input variables are:

PLUXIN(i) total flux (outward) for this edge,
DBOTBL(1i) scaling factor for linear profile,
DINFL(1) depth of inflow,

DINFLS(1) depth of sign change, and

DINFLR(1) ratio of inflow to outflow.

Here i determines which edge of the system according to

i=1 west edge
2 east edge
3 south edge
4 north edge

The adjustment of DINFL or DINFLS, and the determination
of A is performed in new subroutine FLUXST. The flux
calculated by this scheme is added to the velocity arrays
in UVBND.
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2.2 Open Boundary Conditions Based on a Nested Run

A nested run consists of a fine resolution run whose
simulation region is located within the simulation region
of a coarse, larger area run. (See Figure 2). There are
four aspects of such a simulation. One, a coarse
simulation is performed. This run writes out both data
for initialization of the fine run, plus boundary data on
the embedded boundaries. Second the fine run performs a
complex interpolation from this data to obtain an initial
condition. Third, the fine run performs a complex
interpolation, at each time step, to find appropriate
values along its boundary. Fourth, these boundary values
are used in a suitable boundary condition. Each of these
steps will be described below.
2.2.,1 Coarse Run

The initialization data written out by the coarse run
consists of temperature, salinity, pressure and velocities
over a region which encompasses the fine region. All the
coarse data is not needed, and it is not written out.
There may, however, be more than one fine region nested
within a particular coarse region. The data for each fine
region is written to a different file.

The number of such subregions is specified by input
parameter NREGON. For each of these NREGON subregions,
the location of the boundaries is specified by:

APV I WA U VORE WS oy Sy Ny g T S IRy WA W IONE I WS YRR W Y e




SAVLLO(i) west edge of region i in degrees
SAVLHI(i) east edge of region i in degrees
SAVPLO(i) south edge of region i in degrees
SAVPHI(i) north edge of region i in degrees.

The coarse run uses these input variables in
subroutine REGNST to establish the areas on its grid that
will have to be written out for each of the subregions.
It also determines the locations of its grid lines which
lie on either side of the embedded boundaries, for both T-
S and U~V data, again for each subregion.

At each time step, subroutine SAVREG is called to
write out the appropriate data. The writing of data is
controlled by:

SAVSTR(i) time step of initial write for region i.
SAVINC(i) mo@ulu; on time step to perform write for
region i.

On only the initial write, data for initialization is
written out. On this, and all subsequent writes, boundary
data is written., Each subregion has its own file.
Therefore, the location and frequency of the data may be
completely different for each subregion. The file unit
number is 70 + i, where i is the region number.

Subroutine RWBND is used to read or write the
boundary data.

2.2.2 1Injitialization of Final Run
The data written out by the coarse run must be

interpolated onto the fine mesh of the nested run. This

is complicated by the complex spatial representation of

P




the sigma code. As can be seen in Figure 2, the lateral

mesh spacing may be nonuniform and arbitrary. As shown in
Figure 3, the vertical spacing is nonuniform and depends

both on the topography, and the number of vertical levels.

Py —"
¢

In a typical simulation, no two grid nodes are located at
the same depth.
The initialization in the sigma code is performed by

one of the "CASE"™ routines. For the nested run the input

parameter CASE is set to 8. This causes subroutine CASES
to be called to perform an initialization from coarse run
data. Storage must be carefully handled so that no excess
array space is allocated. To do this, CASE8 was designed

as a dummy routine to handle storage for subroutine CASEBA

where the actual interpolation is performed. R
In CASE8BA an interpolation is performed using the 8 :
surrounding data points from the coarse data. Weight ;l?%
factors are determined, and then the new value is ?71
calculated from, 8 ) j;;ﬁ
Z X
= i=1
Xe = 73 ) :
L o9 b
i=1 el
Because cf the representation, the eight weights have A
different values for each of the fine mesh grid points. {”:ﬁ
Additional problems arise because of the use of real :?E%
topography. In Figure 3, point A is a possible location Ii
of a fine mesh point, It can use the coarse value to the L
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left, but the coarse value to the right does not lie deep
enough for point A, and it cannot be used. The
interpolation scheme is therefore modified to exclude the
point to the right, and the weights for the points

actually used are corrected.

Point B is the location of a second type of problem.
At this location no coarse data is available at the depth

of point B. For this problem a different procedure is d
used. Subroutine CASES8B is called to perform a spline
extrapolation of the surrounding data to obtain values at L
the correct depth. Then a four point lateral Efj
interpolation of these extrapolated values is used to Ei?;
obtain a reasonable result. This involved procedure is .::z
only used for temperature and salinity values. For a %jj
velocity point at location B, when no coarse data are 5552
available, the velocity is set to zero. This ensures that :iﬁi
no artifical flows will result. %fj
It should be noted that different weights are iﬁ
required for temperature-salinity (T-S) and velocity data, ET:
»

since T-S data locations are spatial shifted from velocity

locations.

2.2.3 Determination of Boundary Value Data for Fine Run

At each step during the fine run, the values of )
temperature, salinity, the velocity, and the pressure must jﬁ%
be determined at the location of the physical boundaries B
of the smaller system. These values are calculated, and L‘T

9 .




put into a set of two-dimensional arrays. These arrays
are used by the boundary conditions in determining the
values of the relevant quantities at the guard cells. It
should be noted that these boundary values are not used
directly, but are used in the application of the boundary
conditions.

Data is written out on both sides of the boundary by
the coarse run. Since T-S and U-V data are spatial
displaced, these surrounding boundary planes are located
differently for the two types of data.

Subroutine EXBND is used to determine the values of
data on the boundaries. As in the use of CASE8, EXBND
acts as a storage manager for EXBNDA, where the actual
interpolation is performed. The interpolation scheme is
the same as that used in CASE8A, with subroutine CASESB
used here alsc for points out of range.

2.2.4 Implementation of Nested Boundary Conditions

Our planned implementation of nested boundary
conditions is based on a major extension of the analysis
in § 4.4 of the prior study (Roberts, 1982)., 1In that
section we studied the reflection and transmission
properties of different sets of open boundary conditions
applied to the one-dimensional wave equation, and

demonstrated that the spurious waves could be reduced to
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a minimum by imposing

cu, + p

on the boundary, where p is the scaled pressure, u, is the
outward flow, and ¢ is the local phase speed of the wave.
The success of this method follows from the fact that the

outward and inward propagating wave modes have

respectively.

In the prior report we reached the conclusion that a
generalization of this boundary condition to the three-
dimensional sigma code, with rotation, diffusion,
stratification, and bottom topography effects, in addition
to the surface gravity waves, was impractical. In§5 we
outlined a simpler set of boundary conditions based on the
normal flow and on conservation requirements.

However, we now believe that for most situations of
interest, spurious surface and internal gravity waves
generated at the open boundaries by poorly chosen boundary
conditions will pose the greatest problem in nested
computations. We therefore plan to implement a
generalization of the above boundary condition to the full
three-dimensional sigma-coordinate system of eguations.

Our boundary conditions are

11
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ﬁ = und + F(ﬁ”- nd) + Bg(z,zb)

) a? - =
nu“ + a(u“ u“d) 0

]
o

=n ~nn
GnT + a(T - Td)

: shn
6,8 + (8- 8

"
o

g
Here

u, and uudenote the velocity components outward and
parallel to the boundary,

£D and E“denote averages of adjacent mesh values in the
same directions, for any variable £,

fq denotes data values obtained by interpolation from the
previous coarse run, at the appropriate positions and
times,

o is a positive function of u,éx/Ky, and is zero for large
values (passive outflow condition) and very large for
negative values (value imposed on inflow),

6n§“ is the difference over two mesh intervals (outside
minus inside) divided by two,

TnNN jg the mean of the outside and inside values, ignoring
the boundary value (a non-standard notation),

g is (z-2p,)/(1+z/24)

B is zero or is chosen so that the total normal is an
imposed value obtained from data on the movement of the
free surface.

F is an operator designed to separate the internal wave

modes, and divide each by an appropriate wave speed c; the

12




® simplest operator option is to divide by a single imposed
c value.
These boundary conditions replace our previous

conditions

For our Mediterranean simulation we imposed a nonzero U

distribution; U has otherwise been zero.

2.2.,5 Status of Implementations

The first three steps have been implemented, and
preliminary tests performed. Coarse runs have been used
to write out initial and boundary data. Fine runs have
read in initial data, and have interpolated this data to
get an initial condition for the system. In addition, the
boundary data has been interpolated to obtain values of
the relevant quantities on the boundaries.

There has been insufficient time, however, to
implement the algorithms of Section 2.2.4. These
algorithms will go into subroutines TSBND and UVBND, and

will use the boundary value data which now exists in the

code.
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® Subroutines which have been changed and new

subroutines are listed in Appendix A.
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3.0 External Data for Initialization

The quality of a simulation is very dependent on the
guality of the data used for the initialization of the
run., It is, therefore, very important to use the best
quality data available for initialization. OTS and EOTS
data is of better quality than climatology, but such data
does not go deep enough to initialize the entire
simulation region. The best solution, therefore, is to
smoothly merge two data sets to provide OTS or EOTS where
available, and climatology where not. The transition
between the two data sets must be smooth, or numerical
noise will result.

If Tg i OTS or EOTS data, and T, is climatology
data, the procedure is as follows. For depths above the
lowest Tp point (z=d)

T = Tp(z), (z£d)
where Tgp at arbitray values of z are determined grom a
spline fit. For z>4,
T = To(z) + ATE(2) + AT'g(z) .
Here T.(z) is again obtained from a spline fit, and
AT = Tp - T¢ at z=4d
AT' = T'p - T'c at z=d .
The functional forms of £ and g are given as
f(z) = %exp (1-3)0
g(z) = (z-4) exp(1l-3).

15
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At z = d these functions result in

f£(d)=1 , £'(d)=0,

g(a)=p , g'(d)=1.
The implementation of this capability involved two sets of
changes. First the data tape handling program TAPER2 had
to be slightly modified to create a data file with both
OTS (or EOTS) and climatology. Secondly, two new CASE
routines, CASE6 and CASE7 were written to read in the
combined data, and to perfoim the merging. CASE6 merges
OTS and climatology, while CASE7 handles EOTS and
climatology.

In practice, two TAPER runs are used to produce the
combined input data set. The listing in Appendix B is an
example which shows the procedure. A TAPER2 run is used
to read in the appropriate OTS (or EOTS) data. Then a
TAPER3 run is used for the climatology data. The output
of TAPER3 is appended onto the output file from TAPER2 to
form the required input data file.

In the sigma code run, one simply assigns the data
file produced by the TAPER runs. Then the CASE input
parameter is set to 6 for OTS, or 7 for EOTS, and the
proper initialization is performed.

16
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4.0 Enhanced Output Options

The sigma code has an extensive set of output
options. Graphics output can be produced of all relevant
data fields, on either plotting devices, or as printer
plbts. Several desired enhancements in the existing sigma
code output were identified, however, and they are the
subject of the current section.

The geostrophic velocity is the velocity that results
from the balance between the horizontal pressure gradient
and the horizontal component of the coriolis acceleration.
It provides useful information about the state of the
physical system being simulated. Therefore, plots of the
geostrophic velocity were added as an output option.

The geostrophic velocity is calculated during the
vertical sweep through the mesh by UVDOTB. Rather than
allocate an additional three dimension array to hold this
information, each two dimensional slice is written to a
disk file by UVDOTB as calculated. At the end of the
sweep, new subroutine UVGEO reads this information into a
three dimensional scratch array, from which it is written
onto the plot file.

Subroutine OCPLOT, in the plotting package, was
modified to create plots from this newly available data.
A typical output plot is shown in Figure 4.

In addition to this new capability, three

17
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enhancements were made to the existing code. First, on
restarts, because of the way time step numbering was
handled, plot specification did not work properly. This
was corrected by a complete revision of time step handling
on restarts,

Second, the orientation of the plots of vertical
profiles was awkward, and did not follow the conventional
orientation for such plots. This has now been corrected.

Third, up to now, certain quantities were only
available as printer plots. Now such information can be
displayed on plotting devices. Sample plots of the
barotropic stream function are shown in Figure 5 and 6.

The required changes to the sigma code are included
in Appendix A. Those subroutines in the plotting program
which required change are listed in Appendix C.

The capability to plot velocities at a constant depth
is available by modification of the TSPOP post processor.
In the main program, the lateral averaging of the bottom
topography is removed. In addition the calls to MESHST
are changed so that the U-V positions, rather than the T-S
positions are produced. The resulting code is given in

Appendix D.

18




5.8 VAX Version of Code

The usefulness of the sigma code increases when it
becomes available on additional computer systems. Because
of the wide spread availability of the VAX 11/780 super
minicomputer, it was decided to install the sigma code on
this machine.

The code has been installed on the VAX and a sample
output plot from a simple test run in shown in Figure 7.
The code runs much in the same way as it does on the TI-

ASC computer. The VAX files used by sigma code are listed

below:

Unit

Number Name Use Preexisting
1l SIGRUNLOG Log File Yes
2 SIGBTOPOG Bottom Topography Yes
3 SIGTSPLOT T-S Plot Data
4 SIGBUOYIN Buoyancy Coefficients Yes
5 SIGINPUTD Input Data Yes
6 SIGPRINTF Print File

10 SIGUVPLOT U-V Plot Data

14 SIGBUOYOU Buoyancy Coefficients(output)

18 SIGINITIA Initialization Data Yes
19 SIGFORCEG Forcing Data Yes
26 SIGQCHEK1 Qcheckl Print File

27 SIGQCHEK2 Qcheck2 Print File

49 SIGRESTRT Restart Data Yes
42 SIGDUMPFL bump File

80 SIGWORKSP Work Space

These files noted as preexisting, must be available

before the run, as needed.
Because it was not known what graphics software would

be available on a particular VAX, no graphics device

19




output is currently installed. However, printer graphics

are installed, and working as shown in Figure 7.

An estimate of relative timing is difficult, as VAX fﬁ;

timing depends on many factors, including system loading. 5;;
»

A crude estimate shows that the VAX version of the code :

runs about a factor of 120 slower than the ASC version.

This is about the ratio that was expected. }
3
'
if_
b
®
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6.8 Mediterranean Tests

|
The sigma code was setup to perform studies of the
eastern basin of the Mediterranean Sea. The process
® involved routine setup tasks as well as two code

modifications. The setup procedure, as well as the code

modifications, will be discussed below.

6.1 Setup

The region was established as 16° -37°E, and 32° -38°
N. This includes the eastern boundary, but cuts off
several features at the north and south. Although the
bottom topography was available at 18' intervals, a 20°'
spacing was chosen to reduce memory requirements for this
problem. The numbers of lateral grid points are:

(37-10) *3+2=83 in the east-west direction, and
(38-32) *3+2=20 in the north-south direction.
Pive vertical levels were used. The three code parameters
IF, JF, and KF were reset, and a recompilation of relevant
routines was performed.

The topography was created from the 18' data file by
use of the program tested below (Note: All programs and
listings referred to in this section can be found in
Appendix E). A rigid wall was imposed on the topography
at all lateral boundaries, exept for the Strait of Sicily,

where the inflow-outflow occurs.

21
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Since the forcing and initialization data lies on a
polar-stereographic (PS) grid, the PS limits of the
simulation region were determined. PS data was found to
be required in the grid whose indices ran from I=45-58,
and J=31-40.

An initialization file was created from climatology
using the TAPER3 program. This was adequate for testing
purposes. For a better initialization, the procedure of
Section 3 of this report, may be used.

The forcing data was extracted from the data tape
"SAIATM2", by use of the TAPER program. As shown in the
listing, the data starts on January 7, 1977. A six hour

interval was chosen.

6.2 Code Modifications

The original formulation for flux specified
boundaries allowed only inflow or outflow at each edge.
The full formulation, as described in Section 2.1, was
implemented to allow bidirectional flow, as required in
the Mediterranean Tests.

The second addition to the code was required because
of a fundamental difficulty in the code. The code solves
for the time evolution of a general variable x by the

process,

x = A(x)

N+l . xh 4+ F(x,dt).
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A is a representation of the model differential equations,
and F is a fixing (stabilization) operator. For a simple
explicit scheme F(i,dt) = xdt. However, such a scheme is
unstable, and very complicated procedures have been used
to develop appropriate formulations for F, for the
equations to be solved here (see references).

Since the Sigma Code solves a three dimensional
problem in a minimum of computer memory, careful attention
was paid to the code architecture. The problem is solved
in slices, with intermediate quantities overwritten as
each level is solved. This dictates the implementation of
the fixing operator. Specifically, lateral fixing is
performed during the vertical sweep, before the vertical
fixing, which requires a knowledge of all the vertical
levels.

The problem arises because the lateral fixing
propagates the unstable solution horizontally, before the
vertical fixing has modified the result. The vertical
fixing can subsequently stabilize the solution at each
point, due to the physics at each point. It cannot,
however, stabilize the part of the instability which has
been horizontally propagated.

In the past, this problem has been circumvented by
turning off the lateral fixing, thus avoiding the
horizontal propopagation of the instability. Because of

the smaller lateral mesh spacing required in the

23

e

(R -

-
T




(e

Mediterranean tests, however, the lateral fixing must be
on.

One solution is to add a preliminary vertical
diffusion model, before the horizontal fixing. This can
take a number of forms. The simple solution implemented
here is to 1imit x (i.e. u), before the horizontal fixing
process. A new routine DULIM, modeled on routine ULIM has

been written. It sets

4 = V-u
v+Ta]
where V=DUMAXN*DT+*z;,,. DUMAXN is under input control, DT

is the time step, and z, is the local depth.

6.3 Results

A preliminary test run was performed. This
simulation is intended to demonstrate that the code is
properly setup to perform studies of the eastern
Mediterranean. No attempt was made to model actual
physical processes. Rather this run establishes
procedures for modeling the eastern Mediterranean.
Additionally, in the process of performing this test,
problems with the code, when applied to this region, were
identified and corrected.

It should be noted that in the figures which follow,
problems, such as inadequate labeling of contour lines,

are problems in the Disspla plotting package. They
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[ ) result, in part, from the fact that the ASC computer >
center is using an out of date version of Disspla.

Figure 8 is a plot of depth values in the region.

The values in the interior are the values obtained from ;
the data file. The boundaries demonstrate the rigid wall
that was articifically imposed. The one open spot is at
the Strait of Sciliy. Because the labeling in the Disspla i;f“
plot is sparse, a printer plot of the same data is shown

in Figure 9. Since each contour is labeled by a letter,

(]
A s

actual values can be read off this plot. .:
A two week interval was modeled using 56 time steps

of 6 hours each. A great number of output plots can be

produced from the data files which were generated during ;f“;
this run. Indeed, there is no limit to the data ;
representations available. Most major quantities can be _ j
displayed on vertical slices of arbitrary great circle i;:j
arcs. Additionally, horizontal slices can be displayed at ‘
arbitrary depths. The plotting programs perform the T
required interpolations, 80 that the spatial ;iA
representation in the code does not impose limits on how
the data may be displayed. A representative sample of sl
possible output plots follows. ilf
The general shape of the vertically integrated flux

as shown in Figure 10, with actual values appearing in the

printer plot of figure 11. The remainder of the plots Y
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show quantities on the great circle with endpoints at

10°E, 35°N and 37°E, 35°N. The temperature is displayed
in Pigure 12. This figure has the depth adjusted so that
the entire vertical extent of the simulation is shown.
Figure 13 is the same display with the maximum depth
adjusted to 668 m. Such a plot allows closer examination
of surface dynamics. The same set of plots for salinity
are shown in Figures 14 and 15. Once again the entire
vertical domain, and a closer look at the surface are
shown.

A similar set of plots were also generated from the
velocity data. Figure 16 is a plot of u velocity. For
this slice, a positive u velocity is a velocity
approximately to the right. Since this is a display on a
great circle arc, rather than an arc of constant latitude,
the velocity is not exactly in the plane of the plot.
Figure 17 is a plot of v velocity. Again, for this slice
which runs approximately east-west, a positive v velocity
is a velocity roughly into the page.

The last two plots, Figures 18 and 19, demonstrate
the new ability of the code to plot the two components of
the geostrophic velocity. The comments made in relation

to the velocity also apply here.
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6.4 Conclusion

o
The Sigma code is now working in the eastern basin of
1 the Mediterranean. Externally supplied data has properly
‘ been integrated into the code for both bottom topography
. .

and initialization., In addition, a combined inflow-

outflow condition at an open strait is working.

Actual simulation studies will involve longer runs.
A detailed examination of the possible output displays,
made in light of the topography of the region, will
provide an insight into the processes at work. As such
studies are performed, it may become evident that changes
in the externally supplied data are necessary. These may
include the addition of new data (e.g. wind forcing), or
the use of better data than is currently used (e.g. EOTS
rather than climatology).

vl
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Figure 1
Depth profile at side of system, showing strait
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Figure 2
Lateral mesh spacing, with imbedded grid
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Figure 3

Typical depth profile
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Appendix B
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i. TAPER JSL to Produce Combined
{ Data Set and Listing of TAPER2
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o5 VERSION 5.27 LISTINGOFDECX TWODATA 02/15/84 PAGE
-
CREATED OW 02/15/84 AT 15:37:12 LAST UPDATED ON 02/15/84 AT 15:37:12 BY SMS VERSION 5.27
LANGUAGE : USER INFORMATION: ]
1 /Ccm THODATA 1 K
} 2 /0 MACROS: TNODATA 2 :
L 3 /0m TWODATA 3 o
l ¢ /COM  GET IS LIKE ASD THODATA 4 Sy
S /COM RGET IS LIKE REL AND THEN ASG TWODATA 5 o
i & /CW  PUT IS LIKE CAIV THODATA 6 R
7 /CM  SEE IS LIKE FOSYS TWODATA 7 S
[ 8 /Com TWODATA 8 SRy
{ 9 /COM  PT IS THE PATH FOR THE TAPER OBJECT LIBRARY TWODATA 9 J
® 100 /o TWODATA 10 ”“‘
, 11/ LIMIT MINR2 TWODATA 11 : 1
12/ RGEY OBALIB,PT/0BJLIB THODATA 12 ]
13/ REL SYS.LMDD THODATA 13 S
[T T ¢ TWODATA 14 :
15  LIBRARY OBALIB TMODATA 15 g
16 INCLUDE TAPER? TNODATA 16 - N
17/ REL FT31F001,FT32F001,FT33F001, FT34F 001, FT3SF001. FT36F001 THODATA 17 Y
18 7 REL FTAIF001,FTA2F001, FT43F001 . FTA4F001, FTASFOO1 . FT44F001 TWODATA 18 ;
19/ REL FTSIF001,FTSZF001, FTS3F001. FTSAFO01 . FTSSF001 , FTS6F001 TWODATA 19 ]
20/ REL FT7IF001.FT72F001 TWODATA 20 _
21/ RGET FTA1F001, DOD/NAVY/NORDA/MARNAL /FNOCTAPE /SA10CN1 TMODATA 2 . ‘
22/ SET Net TUODATA hol .
n REL FTOLFO001 TMODATA P! i N
26/ FD FTO6F001, BAND=2/20/2 TWODATA 24 S
25/ FD FT71F001, BAND=4/S0/4 THODATA o ]
26/ FXQT OPT=(),LTP=(99,99,N) , ADDMEM=24K , CPT IME=6000 THODATA 2% RS
21 M THODATA 77 L
F. ] 15=05, 1€=28, J5=13, K51, TNODATA 2 T
Yo YEAR=74, MONTH=10, DAY=29, HOUR=0, THODATA 2 —
0 DT=24. \NT=1,NCATST=7, TUODATA 0 L.
]| SIGMAD=T, TWODATA kI .
N CATN=B10+' , 'P14+/ . P15+’ 'P16#’ s 'PIT+, 'PIBE , P19+’ THODATA R iy
<IN 2 (] TWODATA n .
U/ om THODATA n -
35 /COM  OUTPUT N FTT1FOOL T™ODATA B g
%/ Com TWODATA 3% ‘
37/ IF TERM.NE,0.ERR TWODATA 37 e s
3B/ SEE N.FTOLF001, NNE=FILEGONE TWODATA »
39/ RGET OBJLIB.PT/0BULIB TWODATA k1 N
40/ REL SYS.LMOD TWODATA 49 R
M N THODATA 4 S
42 LIBRARY 0BLLID TWODATA ? Coox
43 INCLUDE TAPER3 THODATA 3 '
&4/ REL FT31F001.FT32F001, FT33F 001, FT34F001, FTISFO01, FT34F001 TMODATA o“
45/ REL FT41F001,FTAZFO01,FT43F001, FTA4F00L , FTASFOO1, FTASF001 TWODATA 45
&%/ REL FTSIFOOL,FTS2FO001, FTS3F001, FTS4F001,FTSSFO01. FTS6F001 TMODATA %
7 /o TMODATA 4
48/ COM TAPERI WRITES ON FT72 -> CHANGE SO THAT WE WILL APPEND THODATA 48
9 /M THODATA 9
S0/ REL FTTZ001 TMODATA 0 Lo
S/ RENNE FTT1F001,FT72F001 TWODATA 51
S2  / FD FY72001,POS=M0 TWODATA 52
S3  / RGET FT61F001, AFFIL/ IND/SAL/SEFT.1 /USER/NEDN/CLIMAT THODATA 3
S§ 7 SET et THODATA 54 ~




20 ) S5 MR et 2t

N GMS VERSION 5.27 LISTINGOF DEDX TWODATA 02/15/84 PAGE 2
s / REL FTO&F001 TWODATA £
% / FD FT06F001, BAND=2/20/2 TWODATA S
§7  / FXQT OPT=(1)+LTP=(99,99,N) , ADDMEN=24K , CPTINE=4000 TWODATA bl
e SO TWODATA 8
9 1505, 1E=28, JS=13, JE=5l, TWODATA 5
50 NPNe20, SIGMAD=T, TUODATA &0
ét 2] TWODATA &4
2 T SA TWOLATA 62
63 TOA00 J THODATA 63
&4 T0600 4 THODATA &4
65 0800 J THODATA 5]
66  T1000 J TWODATA b6
&7 TIS0 J THODATA a7
68 T2000 J TWODATA 68
&9 TN00 J TWODATA &9
70 TA000 J TWODATA 70
71 TS000 J TWODATA n
T2 50000 J TMODATA 72
73 50050 J TWODATA 3
74 50100 J TWODATA 74
75 S0200 4 TWODATA IS
76 50600 J TWODATA 76
77 51000 J TWODATA n
78 52000 J TWODATA bt
79 53000 J THODATA N
80 54000 J THODATA 80
81 55000 J TWODATA 81
82 / IF TERM.NE.O,ERR TMODATA 7]
83  / PUT FT72F001,US/INITLDTA TWODATA 83
84  / SEE N,FTOLF0O01,NAME=FILEATWD THODATA Be
8 / REL FT31F001.FT32F001,FT33F001, FT34F001, FT35F001,FT36F001 THODATA 85
86  / REL FTAIF0O01,FT42F001.FTA3F001,FTA4F004 . FTASFOOL, FTA4F001 THODATA 8
87  / REL FTS1FOOL.FTS2FO01,FTSIFO0L. FTSAF001, FTISFO0L, FTS6FQ01 THODATA a7
88  /ERR NOP TWODATA %

88 ACTIVE LINE(S) 0 INACTIVE LINE(S)

$38 SMS147 ¢ PDS DIRECTURY FOR NEWSPL  FILE SUCCESSFULLY UPDATED FOR DECK TWODATA
]
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Appendix C

Plotting Routines
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Appendix D

Main Program for UVPLOT
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Appendix E

Listings Required for Mediterranean Tests
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- 96 VOSINS.Z7 LISTNGOFDELX TOPOG 02/15/84 PAGE 1
CREATED O 02/15/84 AT 11219103 LAGT LPDATED ON 02/15/84 AT 11319303 BY S8 VERSION 5.27
LAELAGES UBER INFORMATION:
1 7 FIL LIBARYSS/ORLID 1
2 PROGRA BOTTON 2
[ I | 3
' s :
5 888888888 SOLUTION DOMAIN $888888888 5
6 8 S3880RRSESNEIEESESENIRNRILLLLLILANNE s
7 SESSAREEEEESEESERNIAENRILLLLLLLATLS 7
8 s SASSEEEEISEISINNRINIELIILISANINLLLS 8
| o 9 3 9
0 ! ' ! ' ! ' ; 10
TR T2 D TP 1
2 12
; 13 ' ' = ' ' ' 13
: "o u  u2 1P "
r 15 15
l [ J 6 1
| 17 8  THE ACTUAL SOLUTION DOMAIN HAS IF-2 INTERVALS AND RUNG FRON 17
T T(2) T0 T(IF). (T(1) AND T(IFP1) ARE EXTRA POINTS.) 18
9 s 19
2 & IS STAGEERED WRT T AND IS DEFINED FROM A HALF MESH CELL 2
2 s TO THE LEFT OF THE DOMAIN TO A HALF MESH CELL ON THE RIGHT. 2
:
¢ $  \E PSS TO ROUTINE INVRP ACTUAL LOCATIONS IN DEGREES. WHERE
s \E NEED THE DEPTH (1). THAT IS AN AREA WHIDH IS LARGER
s THAN THE DOMAIN BY A HALF MESH CELL ON ALL SIDES. SINCE
¢ THE DATA BAGE POINTS ARE LOCATED ON THE HALF DEGREE, IT
s IS BETTER TD PASS VALLES LOCATED AT N + 1/2.
:
o §  SUBROUTINE MESHST IS IN THE MAIN SIGW CODE
: :

PARNETER PIF=83,PJF=20

DIMENSION 1(PIF.PJF),DREC(301,91),LAN(PIF) ,PHI (PSF)
REAL 34 LANM,LIAX,LMIN,LDIF

NAMEL IST/DOMAIN/LIAY, LNIN, PAX, PMIN, IF . JF XLSPAC, XPSPAC

CALL ReSTOP
XLSPAC=),
PSPAC),
READ (3, DOMAIN)
iF (IF.GT.PIF .0R. JF.GT.PF) STOP 688
PRINT 902,LMIN,LMAX,PHIN, PRAX, IF, JF
902 FORMAT (1H1,’ THE DOMAIN AUNS FROM ',F6.1
« + ' DEGREES EABT TO '.Fb.1.’ DEDREES EAGT. AND '
. 'Fb.1+' DEGREES NORTH TO ’,Fb.1.° NORTM. '/
o v 1HO:' THE MESM IS (IF®) *,13,' BY (=) '.13:'.")
IF (XLSPAC.NE.O.) PRINT 905, XLSPAC
IF (XPSPAC.NE.O.) PRINT 90é,IPSPAC
905 FORMAT (//,° THE CENTRAL LONBITUDE SPACING IS ',1PE10.3
« + ' DEGREES')
906 FORMAT (//,’ THE CENTRAL LATITU OE SPACING IS ', 1PE10.3
« + ' DEDREES’)
RENDD 1
AIne 2
READ (1) DREC

FEREREREEEEEEEEEEEEEEEEEEEEFREREEREEEEEEEREEEREREEEEE

LHELEIBITELZISSYLYLBBR/2SIENPHIBN
U283 2525228 BYLULBBLEIBIPRVUBN

i L T Y N ST S 1 -3 VAP NP S IP UL . NP, R NS SO W G W Y DrP i YIS 0 SOU 0 G U G G Y P I 1] LT S W T §
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96 VERSION 5.27 LISTISOFOEX TOPOG

8
g
&
~

CALL NESHST (LA, IF , LMIN, LMAX, XLSPAC, 0)
CALL MESHET (PHL,JF, PHIN,PHAX: XPSPAL, 0)
IMl=IF - |
JlaF - |
D0 200 1=2,IFM1
DO 200 J=2,JFN1
200 CALL INTRP(Z(I,J).LAM(I),PHI(J),DREC)
s
100 CONTINE
s
s FIX UP BOUNDARIES
$
00 210 J=2,JPM1
U2 sl
210 2{IMAL.J)=L,
L}
D0 220 1=2, 1PN
20 11,258,
c

D0 230 I=13,.1FM)
220 2(1.JM1)=y,
]
] D0 BOUNDARTES
$
00 300 J=2,JM1
1, Jd)sl(2:Jd)
200 ZLIF, D) =Z{IFN,J)
D0 330 I=1,IF
UL HsULY
30 1(1.JF)=LU],JPN)
|
s MKE LAND INTO SHALLOW WATER
!
D0 400 J=1,JF
00 400 I=1,IF
400 IF (It1,J).LE.1.) 2iLLJ)=t,

PUT IT WP

DO 510 1i=1.2
LUm4sll - 2
Lum2
WRITE (LU, 904) LNIN, LWAX, PNIN, PMAX, IF , JF  XLSPAC, XPSPAC
904 FORMWAT (#7.1,217,1PZ10.3)
00 500 I=1,IF

€I o0 oo o0

$8 32 RSN 28BS PR BRESIIIFIFINNISELTETERESTLBILH
BRI R8N 222BIRARPRNEBIIIFAIAININISETIEEEIERZTEIBYRY

CEEREREEEEEEEEFREEFEEEFEFEEEEEEEFEFEFRFEEEEEFEEEEREEEEEEE

100 500 MRITE (LU,903) (Z(1,d) »Jm1.JF) 100

101 903 FORMAT (18F7.1) 101

102 $10 CONTINE 102

103 103 ]
l“ m FRY(O- ‘mu'.l-PlF-Pf' lolo .TIIE. o°) l“ 9
105 108 - \
106 STOP 106 -
107 oe 107 ]
108 SUMIUTINE INTRP (1,LAM.PHI.D) 108 3
109 s 109 )
110 & THE DATA IS LOCATED AT 10’ INTERWALS, THE LOMER LEFY 110

m s COMER 8 AT -10 DEB E. AMD +30 DEG N. 1t

112 112 . _ .




¢ 96 VERSION 5.27 LISTIGOFOEX TOPOG 02/15/84 PACE 3 e
13 ¢ L AD.J AE TE DDICES OF THE NEXT LOMER DATA BAGE POINT. SI TOPOS 13
e N SJ ARE TIE FRACTIONS THAT THE ACTUAL POINT IS ABIVE IL AND TOPOG 14
"ns s A, THAT IS IF Si=.5, THEN THE ACTUAL POINT IS HALF WAY BETWEEN TO0POG 1S
1e IL AD IL+. T0P0B 116
17 8 TOPOG 117 e
118 DIENBION D(301,91) P0G 18 )
19 REALSA LAMLOMR 10P06 119
120 DATA LOOR/-10, /,PCOR/ 30,/ TOPOG 120
1 8 TOPDG 12
12 K={LAR-LCOR) 8 6, 10P06 12
13 IL=IFIX (L) T0POG 123
124 IUsIL + 1 T0°06 124 -
15 IF (IL.LT.1 .OR. IU.GT.301) CALL STOPP TOPOG 125 '
126 .(" YOUR REGION DOES NOT LIE COMPLETELY ON DATA SET ¢’) TOPOG 126 A
127 Si=)t - FLOAT(IL) TOPOG \77 g
12 3 T0POG 128 .
129 P=(PHI-FCOR) 8 6. T0POG 129 -
1% LalFIX(XP) T0POG 1% :
13 Jd ¢+ ¢ T0POB 131 v
12 If (L.LT.1 .OR. JLGT.91) CALL STOPP TOPOG k) '
18 .(* YOUR REGION DOES NOT LIE CONPLETELY ON DATA SET ¢') TOPOG k<] B} '
134 SJeIP - FLOAT(LL) TOPOS 13
k- | TOPOG 135
13 SIR=t, - §1 10P0G 13
137 Siet, - S TOPOG 137 -
138 I= DL 8 SIR 3 SR TOPOG 138 L
19 =7 + DULJP $ ST S SR 10P06 19
10 722 + DUIU,QL) S SIR 8 S T0POG 190
14 =7 + DULA) $ 51 8 S TOPOG 1M
"w s TOPOG 142 .
1 T0POG 143 o
[ 14 RETURN T0POG 14 I
s 15 ] 10POG 145 -
1% / IF E.NE.O,SKIP TOPOG 146
147/ RGET FTOLFO01,S/MTOPD TPOG W
148 /7 REL FTO2F00L,FTO&FO01,SEE T0POG 148 -
149 7 FD FTO2F001.LREC=124, BKSI=2520, FORGSPS, RCFMeFBS TOPOG 199
P 15 /0 TOPOG 150 .
151 MOMIN TOPOG 154 -
152 LAIN=10,, LMAX=37., TOPOG 12
153 PNINRG2., PMAX38., T0POG 153
154 1F=83, .5120, m 154
15 SLSPACR0., XPSPAC=0., TOPOG 1S
: 1% B0 T0POG 154
{ 1S7  / PUT FTO2F001,5/1DATA 10POG 157 ,
158/ PUT SEE.S/T1 T0POG 158 -
199  /SKIP NOP TOPOG 159 -
159 ACTIVE LINE(S) 0 INACTIVE LINE(S)
; -
: $38 96147 ¢ PDG DIRECTORY FOR NEWGPL  FILE SUCCESSFULLY UPDATED FUR DECX TOPOG Lo
SOX LOCATION, ACTIONWADD
{
E-3 -

r~
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96 VERSION 5.27 LISTINGOF DECX LOCATION 02/15/84 PAGE |

- CREATED (N 02/15/84 AT 11:19:04 LAST UPDATED ON 02/15/84 AT 11319304 BY S48 VERSION 5.27
. LANGUAGE: USER INFORMATION:
1/ LIMT nie2 LOCATION 1
2/ FIL LIBRARY=PT/OBLIB LOCATION 2
3 DIMENSION XLAT (63,63) . XLONG (63, 63)  0(63,63) LOCATION 3
. ' CALL ReSTOP LOCATION ‘
S s RO=180. / (4. SATAN(1.)) LOCATION 5
. 6 8 LOCATION 6
- 7 CALL GRIDC(1,63, 1,63, XLONG, KLAT. D) LOCATION 7
8 XLONG=XLONG 3 RD LOCATION 8
_ 9 XLAT =XLAT $ RD LOCATION 9
] L | LOCATION 10
. 1 D=0, LOCATION 11
|- 12 00 10 J=1.63 LOCATION 12
& 13 00 10 [=1.63 LOCATION 13
14 IF (( XAT(LJ).GE. 22, .AND. NLAT(I,J).LE.38. ) .AND. LOCATION 14
15 . (XLONG{I,J).GE.10. .AND. XLONG(I,J).LE.37.)) DUI,ui=t, LOCATION 15
1 10 CONTINE LOCATION 15
17 8 LOCATION 17
19 150 LOCATION 18 .
19 15 1S=1S + 1 LOCATION 19
20 00 20 Jel.63 LOCATION 20
2 IF (0(1S,J).€0.1.) 60 TO 25 LOCATION 21
7 20 CONTINE LOCATION 22
3 60 TO 15 LOCATION 23
Pl 25 CONTINE LOCATIN 24
- LOCATIN 25
2 16264 LOCATION 26
n 0 IE=IE - 1 LOCATION 27
. D0 35 J=1,63 LOCATION 28
2 IF (DUIE,J).ED.1.) GO 1O 45 , LOCATION 29
2 5 CONTINE LOCATION %0
3 60 TO 30 LOCATION 31
2 45 CONTINE LOCATION 22
B 8 LOCATION 33
) J5=0 LOCATION 34
5 50 JS=8 + 1 LOCATION 35
3% 00 S5 I=IS,IE LOCATION 3%
7 IF (D(1.J51.E0.1.) GO 10 &0 LOCATIN %7
» S5 CONTINE LOCATION 3
N 60 10 50 LOCATION 9
0 0 CONTINE LOCATION 40
M s LOCATION &t
” JE=bh LOCATION 42
a 65 JERE - 1 LOCATION 43
“ 00 70 1=1S,IE LOCATION “ o
s IF (OCI.JE).E8.1.) GO 1O 75 LOCATION 45 o
% 70 CONTINE LOCATION 45
] ™ 65 LOCATION &7
» 75 COMTIME LOCATION 48 A
" s LICATION 49 = 1
50 JmB + E LOCATIN %0 =
s 00 200 Is1S, IE LOCATION St o
2 LOCATION 2 5
] 00 90 Jn 8. E LICATION 3 AR
) = LOCATION A -




6 98 VERSION 5,77 LISTIGOF DEX LOCATION 02/15/84 PAGE 2
s IF (D(L,J).ED.1.) 60 TO 95 LOCATIN 55
% 9 COMINE LOCATION S
7 WOATIN W
] 95 CONTINE LOCATION %
» 00 100 J=5,.E LCATIN W
& 0 A=l - J LOCATION %0
: ol IF (D(1,d0).E0.1,) GO TO 108 LOCATION &t
L 62 100 CONTINE LOCATION &2
3 8 LOCATION Q
M 105 CONTIME LOCATION &4
3 PRINT 902, 1,8\ LOCATION &3
b. 6 902 FORMT (* AT I= *,12.' J NG FROM *,12,* TO *»12) LOCATION &b
| 67 200 COTIME LOCATION &7
3 8 LOCATION &8
g 69 8 LEAVE AN EXTRA OOE ALL THE NAY AROND FIR THE INTERPOLATION LOOATIN &9
g 0 8 LOCATIN 70
/] IS=1S - 1 WOATIN 71
n 1EsE ¢ 1 LOCATIN T2
7 a8 - 1 ATl 73
7 E=E + 1 LOCATIN T4
s 1 LOCATION 75 .
76 PRINT 901, 1S, IE. JS» & LOCATION 7%
77 %01 FORMT ¢ ISe,02° 162,012,  SSI12,'  JE=,12) UCATIN 77
7. 80 LOATIN 78
79 /00 LWCATIN 79
80/ COM ANGER: LOCATIN 80
80 ACTIVE LINE(S) 0 INCTIVE LINE(S)

$38 95167 ¢ PDS DIRECTORY FOR NEMGPL  FILE SUCCESSFULLY UPDATED FOR DECX LOCATION
SIX INITIAL,ACTION=ADD




- 96 VERSION 5.7 LISTGOFDELX INITIAL 02/15/84 PAGE 1

. CREATED ON 02/15/04 AT 11219108 LAST UPDATED ON 02/15/84 AT 11:19:05 BY SMS VERSION 5.27
. LANBUNGE USER INFORMATIONS
: 1/ GET OBLIB.PT/GRLIB INITIAL 1
. 2 /K INITIAL 2
3 LIBWRY OBAID INITIAL 3
& 4 INOLRE TAPERD INITIAL 4
o S/ TAPEREAD SEEDPT=D, TAPEPATHSN/CLINAT, CATPATHS/ INITLDTA, ¢ INITIAL 5
& 6 RUNT [ME=2000, FILES] ZEx20, LOADV=S INITIAL 6
& 7 W€ INITIAL 7
i 8 1Ss4S, IE=S50, JS=31, JE=40, INITIAL 8
9 W20, SIGWDsT, INITIAL 9
10 o8 INITIAL 10
: 11 T SEM INITIAL it
3 12 T0400 A INITIAL 12
4 13 70800 A INITIAL 13 |
- 14 70800 A INITIAL 14 )
1S T1000 A INITIAL 15 -
16 TI00A MTIA 16 DAY
17 12000 A INITIAL 17
18 73000 A INITIAL 18 -
19 74000 A INITIAL 19 _
20 Y5000 A INITIAL y. ] -
21 50000 A INITIAL 21 ]
2 50050 A INITIAL 2 r e
23 50100 A INITIAL <! s
24 50200 A INITIAL ]| .
25 S0600 A INITIAL - -
2 51000 A INITIAL 2% -
27 §2000 A INITIAL y4j T
2 53000 A INITIAL . -
2 5A000 A N 3 ha
0 55000 A INITIAL 2 )
30 ACTIVE LINE(S) 0 INACTIVE LINE(S) Tl
]
$88 SMS167 ¢ PDS DIRECTORY FOR NENGPL  FILE SUDCESSFULLY UPDATED FOR DECX INITIAL o Y
o
$OX FORCING, ACTIONADD C ]
-
]
RS
-
L J
ws
E-6 e
L J
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CREATED OM 02/13/84 AT 11319106
LANGUAGE!

Y 96 VERSION 5.7 LISTIGOFDEX FORCING

USER INFORMATIONS

/ REEY OBALIB.PT/OBLIB

/ X

LIBRARY (B.LID

INQUABE TAPER

/ TAPEREAD TAPEPATHsN/SATATIZ, CATPATH=S/FORCIIG §
RUNT INME=4000, F ILESI =20, LOADV=S

L3
YEAR=T7, NONTH=i, DAYs7, HOUR=Q,
1S=4S, 1E«50, JS=31, E=AQ,
NT=34, DT=$.,
SIGMADs=T,  AZ7R28=T,

2

12 ACTIVE LINE(S) 0 INACTIVE LINE(S)

$38 96167 ¢ PDS DIRECTORY FOR MEMGPL  FILE SUCCESSFULLY UPDATED FOR DECK FORCING

LAST UPDATED OM 02/13/84 AT 11:19306 BY SM6 VERSION 5.27

02/15/64

FORCING

FORCING
FORCING
FORCING
FORCING
FORCING
FORCING
FORCING
FORCING
FORCING
FORCING

PRGE 1

- g g
N O 0NN EWN -

-







